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 for the 
LP01 mode. Good agreement between theory, 
which predicts logarithmic growth of FWM with 
bandwidth, and experiment is only possible 
under the assumption of mode coupling where 
additional FWM terms are introduced for when 
the ASE bandwidth exceeds the phase matching 
frequency offset for a given interaction. From the 
fitting parameters, we may extract phase 
matching offsets of 0.7, 0.85 and 1.2 ±0.1 THz 
and peak interaction strengths for the inter mode 
FWM of around 15% of the intra mode effects 
for the first three steps, suggesting that the 
effective areas for these interactions are up to 
2.5 times greater than the effective area of the 
LP01 mode itself. These values are consistent 
with the overlap integrals between modes for a 
four mode fibre. Note that here we ignore the 
final step at 3 GHz. The total FWM signal is 
approximately 2dB greater than expected from 
intra mode nonlinearity alone. 
 
Fig. 4: Measured and calculated FWM power for LP01 
detection (blue) showing experimental data (dots) and 
theoretical fits with mode coupling (solid line) and without 
(fitted to whole data set – long dashes, or just initial points – 
short dashes) for the broadband measurement system. 
Fig. 5: Measured and calculated FWM power for LP01 (blue 
filled) and LP11 (red open) detection showing experimental 
data (dots) and theoretical fits with mode coupling (solid 
lines) and without (dashed lines) for the narrowband 
measurement system. 
Similar agreement between theoretical 
predictions and experiment are observed for the 
narrowband measurement, as per Fig 5. Here 
gain flatness of only 3dB was achieved, and so 
it was necessary to correct the predicted FWM 
power density for the actual launch power. This 
was achieved by multiplying the appropriate 
launch power for each point by an effective 
length at that wavelength. The effective length 
was determined from the difference between the 
input and output spectra. Again, good 
agreement is reached using the same phase 
matching offsets as Fig 4. Note that for the LP01 
mode, peaks only occur for positively detuned 
ASE blocks, as expected. Note also that, whilst 
the frequency offsets are similar, the required 
inter mode effective areas to fit this data are 
slightly lower than observed in Fig 4. 
Conclusions 
In this paper we have presented two simple 
techniques to measure the impact of inter mode 
FWM in few mode fibre based transmission 
systems. The broadband technique essentially 
integrates the nonlinear contributions and gives 
a reliable qualitative estimate of the total FWM 
power generated at a given signal wavelength. 
On the other hand, the narrow band 
measurement isolates the effect of each 
interaction, and gives further information 
regarding the sign of the phase matching 
frequency offset. For this particular fibre, we 
note that the 2dB increase in FWM power from 
intra mode nonlinearity would be expected to 
reduce the total capacity of a fibre link by 
approximately 2b/s/Hz in the limit of a high 
signal to noise ratio13.  
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